Introduction 26
The livestock sector in Malawi is dominated by smallholder farmers and contributes about 11% to 27 national GDP (Chagunda et al., 2010) . Although dairying constitutes a small proportion of the 28 livestock sector (Tebug, 2012) it is significant to rural livelihoods with regard to food, income and 29 nutritional security (GoM, 2013) . Smallholder dairy farming in Malawi is rapidly growing (Thomson, 30 2013) due to increasing urbanisation and incomes, population growth and market liberalisation 31 (Gerosa & Skoet, 2012; Zhou, 2010) . In 2012, smallholder farmers produced 80-85% of milk output in 32
Malawi (Sindani, 2012) . Whilst a growing market creates opportunities along the dairy value chain, it 33 also imposes challenges for smallholder farmers to innovate and effectively operate in a dynamic 34 interactions. In addition, leaders of the farmers' associations were interviewed as key informants to 93 complement and validate information obtained through the FGD. A total of 24 actors were included in 94 the study. Data on actor roles description, actor organizational structure, and mode of operations were 95 obtained from documents and records of the associations. 96
Data analysis 97
The interviews were transcribed and thematic analysis performed using NVIVO software to establish 98 the functions and roles of the actors in the dairy innovation system. Codes were derived based on the 99 principles of grounded theory guided by Howells (2006) broad innovation actors' functions. Sub codes 100 were developed using Klerkx and Leeuwis (2009) innovation typologies to characterize the 101 innovations. A Social Networking Analysis (SNA) was used to illustrate the interaction of actors using 102
Ucinet64 software (v6.53) (Borgatti et al., 2002) . In SNA, the nodes represent entities such as people, 103 firms and organizations while links represent relations between nodes (Rights, 2011) . The SNA aidssuch interactions (Spielman et al., 2009a) . Table 1 presents the elements of the SNA. 106
Results and Discussion 107

Historical development of dairy innovation system in Malawi 108
A historical view of the dairy innovation system in Malawi depicts a progressive trend and growth 109 with increasing complexity resulting from interactions between an increasing number of actors. 110
Progression of the dairy innovation system manifests in three distinct phases with emphasis on 111 technological innovation, organizational innovations and institutional innovations respectively (Figure 112 relatively high degrees of collaboration, influence and prominence. As an umbrella farmer association 210 known as MMPA had a higher influence and prominence among these three organisations. The farmer 211 chain such as milk processors, as well as service providers such as input suppliers, credit providers and 213 AI/veterinary service providers. NGOs also deliver some services through farmer associations. 214
Among the processors Lilongwe Dairy Industry (LDI) had highest degree of centrality, in degree, out 215 degree, closeness and betweeness due to its scope of operations covering two regions, CREMPA and 216 SHMPA and hence interacting with more actors than other processors. Apart from purchasing raw 217 milk, the processors also provide other services including; supplying milk quality testing reagents to 218 bulking groups, maintenance of milk coolers, and providing interest-free loans to individual farmers 219 through their bulking groups. Ironically, whereas training and research institutions are expected to 220 provide the essential knowledge and expertise to influence innovations in the dairy sector, they are 221 rather peripheral actors in the dairy innovation system having among the lowest influence similar to 222 banks, consultants and Farm Radio. This is not to indicate that they are less relevant but their 223 relationships with other actors have not been influential to-date. 224
Concluding comments 225
From a historical perspective, the resilience of the smallholder dairy farmers has been the most 226 important factor for the progressive growth of the dairy innovation system in Malawi. Whereas the 227 and aggressive business entrepreneurs who seek to maximize profits. They will need to further 237 empower themselves to maximize benefits and sustain the dairy innovation system as it becomes more 238
complex. 239
Having smallholder farmers organized in groups and associations is right but it is only a starting point 240 towards building their strength for empowerment. Rather than focusing on organizing farmers for ease 241 of access to pre-determined services of various providers, some intermediaries need to focus on 242 building capacity of the farmer associations to articulate their needs now and in the future to which the 243 service providers align themselves. An ideal dairy innovation system is possible when the smallholder 244 dairy farmers in Malawi gain their rightful position of being in the "driving seat" to influence the 245 technologies, services, and institutional arrangement they require to operate gainfully and sustainably.environment for free engagement of non-state actors through such policies as liberalization and 248 privatization is pathway to building functional and productive agricultural innovation systems. 249
However, it should be realized that unequal power relations characterize interaction of actors. 250
Deliberate interventions are needed to empower and protect the important but weak actors in the 251 system such as the smallholder farmers. Provision of public good type services such as research and 252 extension services is crucial for the development of innovation systems. Formalized public-private 253 partnerships arrangements can leverage meager government resources to effectively provide research 254 and extension services to various actors in the innovation system. 255
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